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(57)Abstract: 

PURPOSE: To provide a semiconductor element, which is an organic semiconductor 
element improved especially, with a rectification property and a light sensing function. 
CONSTITUTION: In a semiconductor element constituted of an organic substance, a 
thin film 3 is formed by using one or more kinds selected from a group composed of 
fullerenes, especially carbon clusters C60 and C70, electrodes 2a, 2b are formed so as to 
come into contact with the thin film and the semiconductor element is constituted. 
Thereby, it is possible to obtain the semiconductor element provided with a rectification 
property, a light sensing function and the like, whose mechanical strength is excellent 
and whose reproducibility is high, and the semiconductor element can be used 
effectively as a rectifier element, a transistor, an optical sensor or the like. 
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* NOTICES * 

Japan Patent Office is not responsible for any 

^ajriages^aus_ed_by_^he_u^ : 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the semiconductor device which has the outstanding rectifying action 

and the outstanding photoconductivity with respect to an organic semiconductor device. 

[0002] 

[Description of the Prior Art] In the field of a semiconductor device, inorganic substances, such as sulfuration cadmium NIUMU, 
a zinc oxide, crystal silicon, an amorphous silicon, and gallium arsenide, have been used conventionally. These are used for a 
transistor, a rectifying device, IC and LSI, the photosensor, the solar battery, etc. However, in order to produce a semiconductor 
device using these inorganic substances, it was what advanced vacuum devices, advanced film production technology, advanced 
purity regulation, etc. are required, and cannot be released easily. 

[0003] On the other hand, the versatility of the organic substance, semiconductor nature, etc. began to attract attention, and great 
research has been made about the semiconductor nature of organic compounds, such as a polyacethylene, polypyrrole, and a 
phthalocyanine, and conductivity ("new and a conductive polymer", **** Hiroyuki editorial supervision, CMC, (1987)). 
Especially a conductive polymer or an organic semiconductor as a semiconductor device which it comes to pinch with a metal A 
polyacethylene, the poly diacetylene, polypyrrole, an alpha-sesquithienyl, MS element which comes to pinch semiconductor thin 
films (S), such as a phthalocyanine, by the metal electrode (M), or many elements, such as an MIS element which comes to pinch 
the thin film (I) of an insulator in between, are proposed ("Physics of Semiconductor Devices" — ) 2nd(s) Edition, S.M.Sze, John 
Wiley & Sons, NY (1981), D.Fichou, F.Garnier et al., CHEMTRONICS, 1988 or 176 pages. These organic compounds show the 
semiconductor nature of P type or N type, and when it pinches by the small electrode of a work function, and the large electrode of 
a work function, they show a rectifying action. For example, in the case of an alpha-sesquithienyl (D. Fichou, F.Garnier et al., 
CHEMTRONICS, 1988 or 176 pages), when this is pinched by aluminum and the indium-tin-oxide (or gold) electrode, **1 V 
show the rectifying action of 100 times or more. Furthermore, the example (Pt| polypyrrole | poly thiophene |In, M.Aizawa, 
H.Shirakawa, Synth.Met, No. 1 8, and 7 1 1 pages (1 987)) which built the rectifying device, and the example (H. Koezuka, et al., 
Synth.Met, No. 18, and 699 pages (1987)) which built FET are also known for junction of a different-species conductive 
polymer. Moreover, a phthalocyanine etc. shows a photoconductivity, the application to a solar battery etc. is considered, and the 
solar battery pinched with aluminum and I TO glass (electrically conductive glass by the indium oxide - tin-oxide thin film) is 
examined. 
[0004] 

[Problem(s) to be Solved by the Invention] the above-mentioned organic compound general — the instability (the air in a 
polyacethylene --) of S layers, i.e., a conductive polymer layer, or an organic half conductor layer the fall (an alpha-sesquithienyl 
--) of repeatability by mixing of an impurity, such as instability over humidity etc., and instability after doping A phthalocyanine 
etc. does not have the solvent which dissolves only a concentrated-sulfuric-acid grade, and improvement in purity is very difficult 
for it. mdeterrninacy at the time of element formation (mixing of the catalyst by the vapor phase polymerization, electrolytic 
polymerization, etc., an electrolyte, etc.) Mixing of the impurity by the pyrolysis at the time of vacuum deposition, such as an 
alpha-sesquithienyl and a phthalocyanine Neither has resulted in utilization by the corrosion (corrosion of the electrode by the 
dopant, oxidization promotion of an aluminum electrode which is looked at by the phthalocyanine, etc.) of the electrode after 
element formation, the mechanical brittleness (if vacuum deposition films, such as an alpha-sesquithienyl and a phthalocyanine, 
are rubbed, they will separate) of a thin film, etc. Furthermore in a solar battery, it has not resulted [ from the lowness of a 
conversion efficiency ] in the degradation with the passage of time and utilization. It is the electrophotography photo conductor 
grade using the polymer dc-battery which used the poly aniline, the capacitor using TCNQ, the phthalocyanine, etc. which was 
slightly put in practical use with the organic substance, and the present condition is that an outstanding result cannot be found. 
[0005] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly in view of the various faults like the above of organic 
semiconductors including the conventional conductive polymer that these should be improved, using a fullerene thin film, a 
semiconductor device is easily obtained with sufficient repeatability by preparing two or more electrodes, and this invention 
persons find out that the aforementioned technical problem is also solvable so that this may be touched, and came to complete this 
invention. 

[0006] That is, this invention offers the semiconductor device which has two or more electrodes which touch a fullerene thin film 
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and this, and is characterized by the bird clapper. 

[0007] Hereafter, this invention is explained in detail. The fullerene thin film used by this invention is a thin film formed using 
fullerene. here, it becomes fullerene from sp2 carbon - it is the general term of the carbon cluster of the shape of spherical or a 
.Rugb^b.all,.and,.gen^ . 
class of soot which carry out resistance heating, and it was made to evaporate, it quenched by inert gas, such as helium, and was 
generated, and C60 (for example, Nature(s), such as Kraetschmer, No. 347, 354 etc. pages (1990), etc.) contains them. [ most ] 
And the mixture of the above-mentioned carbon cluster is obtained from this soot by extracting, for example with solvents, suc_h 
as a hexane, benzene, toluene, a mesitylene, and a carbon disulfide, for refining this mixture furthermore and isolating respectively 
« usually -- refining of an organic compound - business -- **** - a chromatography - technique (for example, Nature(s), such 
as Kraetschmer, No. 347, 354 etc, pages (1 990), etc.) can be used In this invention, the mixed fullerene by which composition 
and isolation give extraction and insoluble impurity removal, and are obtained from the soot containing C60 or C70, or these is 
used preferably. [ easy ] 

[0008] A fullerene thin film can be formed by various kinds of film production methods, and can be used, for example, can use: a 
vacuum deposition film, a cast film, a polymer distribution film, etc. According to the technique of general vacuum deposition, 
fullerene is heated under the vacuum of 5x10 to 5 or less torrs using a metallicity boat or an alumina nature boat (the volume thin 
film handbook and on 1 3 1 st committee of the Japan Society for the Promotion of Science thin film, Ohm-Sha Ltd. (1 984), etc.), 
and a vacuum deposition film can form a thin film by putting a substrate on the upper part or lower part. Under the present 
circumstances, the need may be accepted, and a substrate may be heated or cooled. When a thin film is amorphous when a 
substrate is cooled, and it heats more than a room temperature or it, it is obtained as a crystallized state. The vacuum deposition 
film of these fullerene is very firmly [ stably ] firm in air. For example, to being inferior to a mechanical strength so that it can 
exfoliate easily with a Scotch tape etc., the conventional phthalocyanine, an alpha-sesquithienyl, etc. will separate, if it rubs, an_d 
even if it rubs the vacuum evaporationo film of fullerene, it does not separate easily, but it is a firm film which cannot exfoliate 
and is excellent in a Scotch tape at a mechanical strength. 

[0009] A cast film is the means which uses the property which for example, fullerene dissolves in an aromatic hydrocarbon and 
carbon disulfides, such as benzene, toluene, and a mesitylene, n-hexane, etc., and can create a thin film simple. Namely, make it 
dissolve in the above-mentioned solvent etc., and it is dropped on a substrate, or a substrate is fixed on a spinner. After the 
above-mentioned solution is dropped, make it rotate at a suitable rotational frequency, and thin-film-ize a spinner. Or with the 
means of thin-film-izing the solution dropped on the substrate using a bar coating machine or a doctor blade, it can thin-film-ize 
and, subsequently a film can be produced an air drying, heat, or by drying with meanses, such as carrying out a vacuum drying. 
[0010] A polymer distribution film can be produced with the same means as the above-mentioned cast film, after adding fullerene 
in the solution of polymer and making it dissolve or distribute. As the distributed method, the pigment-content powder technique, 
such as a paint shaker, a spec. SUMKI sir mill, a sand mill, a ball mill, ATORATA, and a kneader, can be used. As polymer 
which can be used here, although there is especially no limit, when an example is given, there are copolymers, such as 
fluoridation polymer, such as vinyl system polymer, such as a saturated polyester, a unsaturated polyester, a polycarbonate, a 
polyvinyl chloride, polyvinyl acetate, a polyvinyl carbazole, and styrene, a fluoride poly vinylidene, and a fluoride polyvinyl, and a 
styrene maleic acid, etc. Moreover, for example, liquid crystal macromolecules, such as a polyacrylate system liquid crystal 
macromolecule and a polysiloxane system liquid crystal macromolecule, can also be used. 

[00 1 1 ] In order to pull out the semiconductor nature which was excellent in fullerene, it is required to prepare 'two or more 
electrodes whichitoiich a fullerene thm filrn. As an electrode, a metal electrode, a metallic-oxide electrode, a carbon electrode, etc. 
can be used, for example. For example, the small lithium of a work function, beryllium, sodium, magnesium, Aluminum, a 
potassium, an indium, calcium, a scandium, Titanium, manganese, a zirconium, a gallium, niobium, antimony, etc., Or the large 
palladium of a work function, a tellurium, a rhenium, iridium, Although copper, silver, gold, platinum, a ruthenium, germanium, 
the tin oxide (for example, Nesa glass), mdiumoxide, indium oxide - the tin oxide (for example, ITO glass), a zinc oxide, 
graphite, Cglgssy carbon, a silver paste, a ; carbon paste, etc. are used Especially, platinum, gold, silver, copper, aluminum, an 
indium, the tin oxide (for example, NESA glass, a NESA coat polymer film), indium oxide (for example, ITO glass, an ITO coat 
polymer film), a zinc oxide, and carbon are desirable. When using as a semiconductor device especially a transistor, a rectifying 
device, etc., it is necessary to prepare the small electrode of the above-mentioned work function, and the large electrode of a work 
function. However, when using an aluminum electrode, especially, the semiconductor device of this invention can show a 
bidirectional rectifying action, and can use it as a bidirectional switching element, a bidirectional rectifying device, etc. 
Furthermore, after forming an aluminum electrode, a very thin aluminum oxide layer is formed in a front face with **** in this 
electrode at air. The element of this invention constituted by forming a fullerene thin film besides and subsequently forming 
arbitrary electrodes also shows a higher rectification ratio, and will become still more desirable as a rectifying device. On the 
other hand, when using as a photosensor, an electrode may use which electrode and each other electrodes which act as two poles 
may differ. Furthermore, a bigger photocurrent can be acquired when using aluminum for each other electrode or one electrode. 
Especially with the element which formed and obtained the aluminum oxide layer like the above to the interface of an electrode 
and a fullerene thin film, a still bigger photocurrent can be acquired and it will become desirable. 

[0012] A metal plate, a carbon board, a thin film, a conductive-paint film, etc. can be used for an electrode with any gestalt When 
using it with the gestalt of a thin film, it can be used with the means of a metallic foil, a vacuum evaporationo film, a sputtering 
film, an electrodeposited film, a spray pyrolysis film, etc., thin-film-izing. Moreover, a conductive paint (for example, silver, a 
carbon content paint) can be applied, and an electrode can also be formed. Here, when preparing an electrode by film production 
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or application, a semiconductor device is preferably formed using a substrate. As this substrate, there is especially no limit and it 
should just be an insulating thing. Moreover, especially when using the electrode of tabulars, such as a metal plate and a carbon 
board, it is not necessary to use a substrate. 

[0013] As composi tion of an electrode , ga p electrodes , such as a parallel pole or a g ear-tooth electrode of a comb , or the 

sandwiches electrode prepared so that a fullerene thin film may be inserted can be used, for example. Thickness of an electrode 
can be made arbitrary, when using it as a semiconductor device, especially a rectifying device, or when using it as a photosensor 
by the gap electrode. Moreover, although especially a limit does not have the gap width of face of a gap electrode, since current 
will become small if gap width of face is large, the gap of 1mm or less is desirable. Moreover, since current value becomes [ the 
longer one ] large and a big response is obtained, gap length is suitable. Also in a gap electrode, if the gear-tooth electrode of a 
comb is used, since gap length will be made still longer, it is more desirable. On the other hand, when using it as a photosensor by 
the sandwiches electrode, the electrode of the side which carries out incidence of the light needs to be translucent. Although the 
range whose permeability of light is 98% - 0. 1% is used when using an oxide electrode, the responsibility to light has the high one 
where the permeability of light is larger. Although the responsibility to light has the high one where the permeability of light is 
larger in the case of a metal electrode, if permeability is too large, an electrode will not conduct current. Therefore, as for the 
permeability of light, 50% - 0. 1% of range is used suitably, 

[0014] Moreover, about the thickness of the fullerene thin film which constitutes a semiconductor device, when using a gap 
electrode, that there should just be thickness of at least 1 molecule, it can use in 1 OA - 100 micrometers, and the range which is 
10A - 10 micrometers is used especially suitably. Since each other electrode will short-circuit if too thin when using a sandwiches 
electrode, a certain amount of thickness is required. In this case, the range of 100 A - 100 micrometers is suitable for the thickness 
of a fullerene thin film, and it is especially formed in 200 A - 10 micrometers preferably. 

[001 5] The semiconductor device of this invention constituted using a fullerene thin film and an electrode which were explained 
above is explained using a drawing. Each drawing 1 -4 shows an example of the semiconductor device of this invention. Each of 
drawing 1 and drawing 2 is what showed an example of the semiconductor device which used the gap electrode, and a circuit, and 
it is the cross section with which (a) meets a plan and (b) meets the A-A line in (a). For an insulating substrate, and 2a and 2b, as 
for a fullerene thin film and 4, an electrode and 3 are [ the sign 1 in drawing / DC power supply and 5 ] ammeters. On an 
insulating substrate 1, the semiconductor device shown in drawing 1 is prepared so that the gear-tooth electrodes 2a and 2b of 
two combs may have few gaps and may gear, and:the fullerene thin fijnf^is further formed in the upper surface. Moreover, 
Electrodes 2a and 2b are connected through DC power supply 4 and the ammeter 5. Furthermore, protective coats, such as a wrap 
insulation polymer film or an insulating metallic oxide, can also be formed for the fullerene thin film 3 if needed. Or the fullerene 
thin film 3 can be formed on an insulating substrate 1 like drawing 2 (b), and it can also consider as the composition which 
formed the gear-tooth electrodes 2a and 2b of a comb in the upper surface further. The semiconductor device using such a gap 
electrode can be suitably used as a photosensor, it is in the state which impressed electric field to Electrodes 2a and 2b from the 
power supply 4, and if light is irradiated by the fullerene thin film 3, the current value between electrode 2a and 2b will change. 
The variation of this current value is detected by the ammeter 5, and can measure the optical intensity irradiated based on this. 
[00 1 6] The semiconductor device of this invention which used the gap electrode for drawing 2 , and other examples of a circuit 
are shown. The fullerene thin film 3 is formed on an insulating substrate 1, and, as for the semiconductor device of this example, 
two parallel poles 2a and 2b are formed in the upper surface. Furthermore, protective coats, such as a wrap insulation polymer 
film or an insulating metallic oxide, can also be formed for Electrodes 2a and 2b and the fullerene thin film 3 if needed. Or 
parallel poles 2a and 2b can be formed on an insulating substrate 1 like drawing 1 (b), and it can also consider as the composition 
in which the fullerene thin film 3 was formed on the upper surface. 

[0017] Drawing 3 and drawing 4 are what showed the example of the semiconductor device which used the sandwiches 
electrode, and it is the cross section with which (a) meets a plan and (b) meets the A-A line in (a). The 1 st three electrode 2a, 2a, 
and 2a by which the semiconductor device shown in drawing 3 was formed in the shape of a strip of paper on the insulating 
substrate 1 is formed in parallel. It is prepared so that the 1st electrode 2a, 2a, and 2 a of the above and the 2nd three electrode 2b, 
2b, and 2b which the fullerene thin film 3 was formed in the upper surface of an insulating substrate 1 and these 1st electrodes 2a, 
2a, and 2a, and was further formed in the shape of a strip of paper on this fullerene thin film 3 may cross at right angles in 
parallel. Furthermore, protective coats, such as a wrap insulation polymer film or an insulating metallic oxide, can also be formed 
for the 2nd Electrodes 2b, 2b, and 2b and fullerene thin film 3 if needed. Here, the number of the 1st electrode and the 2nd 
electrodes is set as one or more arbitrary numbers, respectively, and can carry out things. The semiconductor device using such a 
sandwiches electrode is used suitable for the integrated rectifying devices (for example, switching element etc.), for example, can 
drive liquid crystal, ECD, etc. Or it is suitably used also as photosensors (for example, image sensors etc.). Electric field can be 
impressed to the 1st electrode which goes direct mutually from an outdrive unit (not shown) in these cases, and the 2nd electrode, 
and it can use as a rectifying device or a photosensor. 

[00 1 8] Drawing 4 shows other examples of the semiconductor device of this invention which used the sandwiches electrode. 2nd 
electrode 2b is prepared on an insulating substrate 1 , all over this insulating substrate 1 and the 2nd electrode 2b top, the fullerene 
thin film 3 is formed and, as for this thing, the 1 st electrode 2a, 2a, and 2a formed in the shape of a strip of paper on the fullerene 
thin film 3 is formed further. The number of these 1st electrode 2a is set as one or more arbitrary numbers, and can carry out 
things. In addition, what configurations, such as not only the shape of a strip of paper but a circle, an ellipse, etc., are sufficient as 
1st electrode 2 a. 2nd electrode 2b leaves one edge section la of the substrate 1 upper surface, and is formed in band-like [ thick ]. 
moreover, the 1 st electrode 2a, 2a, and 2a It intersects perpendicularly with the longitudinal direction of 2nd electrode 2b formed 
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previously, it is prepared so that it may be crossed and located on edge section 1 a of the above-mentioned insulating substrate 1 
from on 2nd [ of a parenthesis ] electrode 2b, and it can prevent un-arranging [ which the wiring from the 1 st electrode and the 
2nd electrode short-circuits by this ]. Moreover, protective coats, such as an insulating polymer film or an insulating metallic 

~oxide,xan-also-be-formed4f-needed.on-me-L^ 

semiconductor device can be used effective in an independent rectifying device, a transistor, a photosensor, etc. 

[0019] In addition, the semiconductor device of this invention is not limited to the composition of the above-mentioned example, 

and various gestalten are possible for it and it may consist of a crystal, powder, etc. Furthermore, various gestalten can be taken 

by the purpose of using a semiconductor, and based on these purposes, the composition of an electrode and an element is changed 

suitably and it deals in it. 

[0020] 

[Example] (Example 1) The semiconductor device which has the composition shown in drawing 1 was produced. On slide glass 
1 , the gear-tooth electrodes 2a and 2b of a comb with gap width of face of 0, 1 Omm, ten electrode overlap, and an electrode overall 
length of 50mm were formed with vacuum deposition. Gold was used for Electrodes 2 a and 2b, and it stuck to the thickness of 
500A under the vacuum of 5xlO-5torr. The slide glass 1 in which these electrodes 2a and 2b were formed was put on 20cm on 
the alumina crucible of a vacuum deposition machine, vacuum evaporationo was carried out, having put the carbon cluster C60 
into the crucible made from an alumina, and heating at 520-550 degrees C under the vacuum of 5xl0-6torr (5A/(second)), the 
vacuum deposition film 3 of C60 was stuck to the thickness of 300A, and the semiconductor device was produced. When the 
homogeneous light of wavelength;400nm and optical on-the-strength;7 mW/cm2 was irradiated impressing the electric field of 
10V to this element, the photocurrent of 55pA was detected. When changing optical intensity with 0.1, 0.5, 1.0 and 2.0, and5.0 
mW/cm2, the photocurrent also increased along with the increase in optical intensity. Subsequently, although this element was left 
for one month in the atmosphere, it was changeless to a photocurrent. Moreover, although the Scotch tape was stretched on the 
vacuum deposition film of C60 and subsequently being removed, C60 vacuum-deposition film has arrived at the substrate firmly, 
and did not separate. Furthermore, although the EPOSHIKI resin performed the protection coat on the front face of this element, it 
was almost changeless to a photocurrent. Therefore, it was admitted that the element obtained by this example had the 
performance which was excellent as a photosensor. 

[0021] (Example 1 of comparison) Like the above-mentioned example 1, on electrode 2a formed on slide glass 1, and 2b, 
vacuum deposition of the non-metal phthalocyanine was similarly carried out instead of the carbon cluster C60, and the thin film 3 
was formed When the same homogeneous light as an example 1 was irradiated, the photocurrent of 1 5nA was observed. 
However, when this element was left for one month in the atmosphere, \ and the photocurrent fell clearly. Moreover, when the 
Scotch tape was stuck and having been stripped on the non-metal phthalocyanine vacuum evaporationo film, the thin film of a 
non-metal phthalocyanine peeled altogether with the Scotch tape. Furthermore, when a protection coat is carried out by the epoxy 
resin, most photocurrents are no longer observed by the fatal thing. 

[0022] (Example 2) In the example 1 , the semiconductor device was similarly produced as electrodes 2a and 2b except using 
aluminum instead of gold. When the homogeneous light was irradiated like the example 1, the photocurrent of 600pA was 
observed. The photocurrent was observed even if it changed the wavelength of the homogeneous light with 300,500,600,700nrn. 
Therefore, it was admitted that this element could detect a photocurrent in an ultraviolet shell visible region. Furthermore, when 
applied voltage was set to 100 V, it was admitted by a photocurrent's becoming 10 times and impressing large electric field that an 
optical large response was obtained. 

[0023] (Example 3) The semiconductor device which has the composition shown in drawing 2 was produced. On slide glass 1 , it 
extracted from soot, vacuum deposition was carried out to the thickness of 1000A using the fullerene mixture (containing C70 for 
C60 1 9% 80% in liquid chromatography analysis, remaining 1% was a high order fullerene compound beyond C70) which 
removed insoluble matter with the chromatography, and the fullerene thin film 3 was formed. Subsequently, the indium electrodes 
2 a and 2b with a gap width of face [ of 10 micrometers ] and a length of 10mm were formed with vacuum deposition, and the 
semiconductor device was produced. When the electric field of 10V were impressed to the gap electrode and the homogeneous 
light of the wavelength of 400nm and on-the- strength 5 mW/cm2 was irradiated, the photocurrent of 400pA was observed. 
[0024] (Example 4) The semiconductor device was produced in the above-mentioned example 2, using a cast film as a fullerene 
thin film 3. Like the example 2, using the spinner, the liquid made to dissolve the carbon cluster C60 in toluene was dropped, the 
cast film 3 of C60 was produced, the vacuum drying was carried out and the semiconductor device was produced at 100 more 
degrees C for 1 hour on electrode 2a which deposited aluminum on slide glass 1 , and 2b. When IV were impressed to this 
element and the homogeneous light of 400nm and 5 mW/cm2 was irradiated, the photocurrent of 425pA was observed. 
[0025] (Example 5) The semiconductor device which has the composition shown in drawing 4 was produced. Width of face of 
0.5cm and a length of 3cm were ********** e d with the hydrochloric acid on 3cm 2cmx indium tin glass (ITO glass) 1, the 
conductive film was removed (portion equivalent to 1 in drawing 4 a), and the conductive remaining films were set to indium 
oxide (ITO) electrode 2b. On this electrode 2b, the polymer distribution film 3 of C60 was produced for the dispersion liquid 
(dispersion liquid which put the glass bead into C60;20mg, vinyl acetate;20mg, and ethyl-acetate;200mg, and were distributed 
with the paint shaker for 1 hour) which made vinyl acetate / ethyl-acetate solution distribute C60 using bar coating-machine #10. 
The vacuum drying of this film 3 was carried out at 100 degrees C for 1 hour. Thickness was 1 micrometer. Subsequently, 
aluminum (width-of-face [ of 0.5cm ], length of 1 .5cm) electrode 2a was formed with three pieces and vacuum deposition on this 
film 3. From the function generator, the triangular wave of -2V to +2 V was impressed at a scanning speed of 0.00 1 Hz between 
this indium oxide electrode 2b and durninum electrode 2a. The current-voltage characteristic at this time was shown in drawing 5 
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. The rectifying action was shown so that clearly from drawing 5 . On this element, although 3 sets of electrodes were formed, the 
repeatability was good. Moreover, even if it carried out the protection coat of the whole by the epoxy resin, the current- voltage 
characteristic hardly changed. Therefore, it was admitted that this element was an outstanding rectifying device. 

40jQ2j5]XExamp^ 

prepared tin-oxide electrode 2b by using NESA glass instead of ITO glass, when the semiconductor device was produced 
similarly, this thing showed the good rectifying action like the thing of an example 5. 

[0027] (Example 2 of comparison) In the above-mentioned example 5, the semiconductor device was similarly formed except 
using a non-metal phthalocyanine instead of C60. Also in this case, the rectifying action was shown similarly. However, when a 
protection coat was carried out by the epoxy resin, the rectifying action decreased greatly. 

[0028] (Example 7) The semiconductor device which has the composition shown in drawing 4 was produced. Up 0.5mmx3cm of 
the 2cmx3cm glass substrate 1 was covered, and on this substrate 1, vacuum deposition of the aluminum was carried out to the 
thickness of 200A, and it was referred to as electrode 2b (permeability [ of the 400nm homogeneous light ]; 2. 1 8%). Furthermore, 
on this, vacuum deposition of C60 was carried out to 1000 A thickness like the example 1, and the vacuum deposition film 3 of 
C60 was formed. Subsequently, on it, vacuum deposition of the two a3 O.Scmxl .5cm aluminum electrodes was carried out, and 
the semiconductor device was formed. When the triangular wave which is -IV to +1 V was impressed to this element from the 
function generator (scanning speed; 0.002Hz), the current-voltage characteristic showed the bidirectional rectifying action as 
shown in drawing 6 . Moreover, repeatability was good about three electrodes. 

[0029] (Example 3 of comparison) 2000 A of alpha-sesquithienyls was deposited like the example 7 on the upper surface of the 
glass plate 1 in which aluminum electrode 2b was formed (20A/(second)). If it is very hard to carry out the vacuum evaporationo 
of the alpha-sesquithienyl and it carries out vacuum evaporationo slowly, it will serve as a film which decomposed and contained 
many impurities. Although decomposition will decrease if vacuum evaporationo is carried out quickly (20A/(second) or more), an 
impurity is contained too. Subsequently, O.Scmxl .5cm aluminum electrode 2a was prepared by three-piece vacuum evaporationo. 
The triangular wave of -2 to +2V was impressed to this element from the function generator (0.002Hz). This element showed a 
rectifying action, or did not show it, and its repeatability was very bad. 

[0030] (Example 8) The homogeneous light of wavelength;400nm and on-the-strength;700rnicroW/cm2 was irradiated from the 
glass-plate 1 side at the electrode, impressing 0. 1 V to the aluminum electrodes 2a and 2b of the semiconductor device obtained in 
the example 7. The photocurrent of 535nA was observed at this time. When changing the wavelength of irradiation light, the 
photocurrent has been observed to the 800nm homogeneous light. Moreover, by the homogeneous light with a wavelength of 
400nm, when changing optical intensity, the photocurrent also increased according to irradiation light intensity. Moreover, 
repeatability was good about three electrodes. 

[003 1] (Example 9) The semiconductor device which has the composition shown in drawing 4 was produced. Up 0.5mmx3crri of 
the 2cmx3cm glass substrate 1 was covered, on this substrate 1, platinum was stuck by sputtering and platinum-electrode 2b was 
formed. Subsequently, the polycarbonate polymer distribution film 3 of C60 was formed with the spinner, and it dried. 
Subsequently, aluminum electrode 2a was formed with vacuum deposition. The rectifying action was observed when the 
triangular wave of +1 V was impressed from -1 like the example 7. 

[0032] (Example 10) When the platinum vacuum evaporationo film was replaced with the carbon-shadowing film in the 

above-mentioned example 9 and carbon-electrode 2b was prepared, the rectifying action was shown similarly. 

[0033] (Example 1 1) In the above-mentioned example 7, except using C70 instead of C60, similarly, when the semiconductor 

device was obtained and measured, the current-voltage characteristic showed the same bidirectional rectifying characteristic. 

[0034] (Example 1 2) In the example 9, silver electrode 2b was formed with vacuum deposition instead of the platinum electrode. 

This element showed the rectifying action like drawing 5 similarly. Moreover, the photocurrent was observed when the 

homogeneous light of on-the-strength 1 mW/cm2,450nm was irradiated from an aliiminum electrode side. 

[0035] (Example 13) In the example 9, copper-electrode 2b was formed with vacuum deposition instead of the platinum 

electrode. This element showed the rectifying action like drawings similarly. Moreover, the photocurrent was observed when the 

homogeneous light of on-the-strength 1 mW/cm2,450nm was irradiated from an aluminum electrode side. 

[0036] (Example 14) In the example 5, instead of ITO glass and the indium oxide electrode, when others were performed like the 

example 5 using what formed zinc-oxide electrode 2b by sputtering on the glass substrate 1, the same rectifying action was 

observed. 

[0037] (Example 15) The same element as an example 7 was formed. First, after forming aluminum electrode 2b on a substrate, it 
once took out in air and was left under the room temperature for 24 hours. Then, it put in in the vacuum evaporation system, 
vacuum deposition of C60 was carried out to 1000A thickness like the example, and the vacuum deposition film 3 of C60 was 
formed. Then, two pieces were carried out for O.Scmxl .5cm aluminum electrode 2a, the vacuum evaporationo of the one piece 
was carried out for the golden electrode, respectively, and the semiconductor device was formed. The permeability of 400nm 
homogeneous light of Electrodes 2a (aluminum, gold) and 2b was 2%. After element formation, when the current-voltage 
characteristic of -1-+1 V was measured immediately and electrode 2a was any of aluminum and gold, a rectifying characteristic 
like drawing 5 was shown. Moreover, when IV were impressed among Electrodes 2a and 2b, on-the-strength 5 mW/cm2 was 
irradiated to aluminum electrode 2b and the homogeneous light was irradiated at the wavelength of 400nm, as compared with the 
time of irradiating the same light as aluminum electrode 2a or golden electrode 2a, the about 25 times as many photocurrent as 
this was observed. When argon etching of this element was carried out from the electrode 2a side using ESCA and composition of 
the membranous thickness direction was analyzed, it was admitted that the aluminum oxide existed in the interface of C60 film 3 
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and aluminum electrode 2b. 

[0038] (Example of reference) Commercial crude soot was refined and C60 and C70 were obtained. First, 4g 
(vacuum-metallurgy incorporated company make) of crude soot containing fulierene was put into the extraction thimble, and it 

extractefLhy n-jTexane;200mljFor 24 hours using the Soxhlet extractor. Subsequently, the solve nt was chan gedjnto 

mesitylene;200ml and extraction was performed for further 24 hours. When the first n-hexane solution was analyzed by liquid 
chromatography (silica gel - n-hexane), the ratio of C60:C70 is 9: 1 and did not contain most fulierene beyond C70. The ratio of 
C60:C70 is about 6:4 and the mesitylene extract was carrying out variety content of the fulierene beyond C70. n-hexane extract 
was condensed by the evaporator and 0.26g fulierene mixture was obtained. Using the ODS column, the mixed solvent of a 
2-propanol / toluene;6/4 was made into the developing solution, and 0.21 g and 0.02g of high grades C70 were obtained for the 
high grade C60 using the inside low voltage preparative chromatograph. The mesitylene extract was condensed by the evaporator 
and mixed fulierene 0.1 3g was obtained. It isolated preparatively by the chromatograph similarly and high grade C60;0.07g, high 
grade C70;0.04g, and other mixture;0.01 g of ftillerene were obtained. Mixture contained C76, C78, C84, and fulierene with still 
larger molecular weight from GC-MS analysis. 
[0039] 

[Effect of the Invention] As explained above, the semiconductor device of this invention comes to have two or more electrodes 
which touch a fulierene thin film and this. The semiconductor device of this invention shows semiconductor nature especially a, 
rectifying action, and a photoconductivity. And fulierene is easy to compound, and in order to dissolve in a solvent, it is easy to 
refine, and it can obtain a high grade article easily. Moreover, thermal resistance is also high, since the decomposition at the time 
of vacuum evaporationo does not take place, either, element-izing is easy and a property with sufficient repeatability is acquired. 
Moreover, it can be used also in the form of the cast film which does not need a vacuum, and a polymer distribution film. 
Therefore, the semiconductor device which is rich in stability and repeatability can be easily constituted by using the fulierene thin 
film which produces fulierene and is obtained. Furthermore, since a performance does not change even if it gives the protection 
coat which used the resin etc., the semiconductor device of this invention can be used for an extensive use. Especially, it is 
broadly applicable to driver elements, such as a rectifying device, liquid crystal using the rectifying action, and an ECD element, a 
photosensor, or the image sensors adapting the photosensor function. 



[Translation done.] 



6of6 



5/18/03 10:53 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 

dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is what showed the semiconductor device of this invention, and an example of a circuit, and is the cross section 
with which (a) meets a plan and (b) meets the A- A line in (a). 

[Drawing 2] It is what showed the semiconductor device of this invention, and an example of a circuit, and is the cross section 
with which (a) meets a plan and (b) meets the A- A line in (a). 

[Drawing 31 It is what showed the semiconductor device of this invention, and an example of a circuit, and is the cross section 
with which (a) meets a plan and (b) meets the A- A line in (a). 

[Drawing 41 It is what showed the semiconductor device of this invention, and an example of a circuit, and is the cross section 
with which (a) meets a plan and (b) meets the A-A line in (a). 

[Drawing 51 It is the graph which showed the example of the current-voltage characteristic of the semiconductor device of this 
invention. 

[Drawing 61 It is the graph which showed the example of the current-voltage characteristic of the semiconductor device of this 
invention. 

[Description of Notations] 

2a, 2b — An electrode, 3 ~ Fullerene thin film 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device which has two or more electrodes which touch a fullerene thin film and this, and is 
characterized by the bird clapper. 

[Claim 2] The semiconductor device according to claim 1 characterized by a fiillerene thin film being a thin film which consists of 
carbon clusters. 

[Claim 3] A semiconductor device given in either of the claims 1 or 2 characterized by a fullerene thin film being a thin film 
which consists of a carbon cluster C60 and/or a carbon cluster C70. 

[Claim 4] The semiconductor device according to claim 1 to 3 characterized by a fullerene thin film being one or more sorts 
chosen from the group which consists of a vacuum deposition film, a cast film, and a polymer distribution film. 
[Claim 5] The semiconductor device according to claim 1 to 4 characterized by being one or more sorts chosen from the group 
which an electrode becomes from a metal electrode, an oxide electrode, and a carbon electrode. 

[Claim 6] The semiconductor device according to claim 5 characterized by being the electrode which an electrode turns into from 
one or more sorts of material chosen from the group which consists of platinum, gold, silver, copper, aluminum, an indium, the tin 
oxide, indium oxide, a zinc oxide, and carbon. 

[Claim 7] The semiconductor device according to claim 6 characterized by at least one electrode being an aluminum electrode. 
[Claim 8] The semiconductor device according to claim 7 to which an aluminum electrode is characterized by having an 
aluminum oxide layer in an interface with a fullerene thin film. 

[Claim 9] The semiconductor device according to claim 1 to 8 to which an electrode is characterized by being a gap electrode or a 
sandwiches electrode. 

[Claim 10] The semiconductor device according to claim 1 to 9 to which a semiconductor device is characterized by being a 
rectifying device. 

[Claim 1 1] The semiconductor device according to claim 1 to 9 to which a semiconductor device is characterized by being a 
photosensor. 
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^8 0%, C7 0Srl9%^L. 891%teC7 0W 

i^^^^v-wy-fk^reftojt) i&fflv^Ti oo 

0^>^XhO-A^§fc*^IS*U. 
m%BfS.lt:. ^-/TUlOjum. ^31 

0 mmcTH yj/«7A€fig2 a , 2 b SrK^^tCj: 0» 
50 jRfC^f^^Srf^SL/i. ^-/rSffitlOV<r) 



(6) 
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1 0 



B*§£ ^Efflrarr«[K"4-o-OTnirr3se5 mw/ci^ 

Lfc b Z h . 4 0 0 p Atf)ftmaE#8iai$ 
[0024] (0SIS0I4) ±JBSIilWI2fc4JV^. 77 

T;W5-«>A^«Lfc«fii2a, 2b±fc. 
77X?C6 0£Wk£ye8IB;s^&£OTU X 
tyf-JffluT^ C6 0«7)3m-xMIS3£!K!ISU £ 
£>(C10 0T:T\ 1B^. KSS^LT^ttiglW 10 
CKDI^fclVfcqjJOU 40 0nm. 5mW 

[0025] (9mm ) 04 fcSLfcif j££3T3-6¥ 
gflc^?£f£gLfc. 2cmX3cm»>(yy'>m 
#7X (ITO^) l±fcfcWt\ gO. 5cm. 
*l£ 3 cm£^rx-y^y^LT^ffig£lfc£ (0 

Vi/»7A ( I TO ) W&2 b fc Lfc. :«iS2 b_L 
fcr. C6 0i&gHgb-^/»Kx^;l,jg}fl[fc:4Mi3-^ 20 
#188 (C60 : 20mg < SKf-A-: 20mg. & 
Sxf-;P ; 2 0 0 m gfcltf^X t*-X*£ Afl/M ^ h ^ 
— T* 1 imftWl UzftWaS. ) £A-3-*-#i 
0£jmvcC6 0<D*yv-#fj^3£rg||gU:. Z<V 

K3^ioo\:-ci^ K^ssiasLfc. ijk 

m-Ch-oti. owe. £OR3±fcTA'5-'>A (H 
0. 5cm, H51. 5cm)lfi2a^3fi.l^ 
*fc<fc vKOKft'T ^ S*>AB62 b t TJV 

5 - V AW& 2 a O^tC- 2 V*>£> + 2 Vtf>Hft»?r 7 
T^ya^'i^J: 1 ), 0. OOlHztDX* 30 

^xtr-h'-eBJanUfc. -r«oi$<9*S-«ffifftt£0 
V^fc. #S7±. 3ffi<amteW6Jfr£*VCO£#. -?-«D 

[0026] mmm) ±stmm5£&^x. it 

Otf? X^ 9 1 N E S A# 5X £ JH^S -I fc £ J: o 

X. WLM>iSVJ*m!&£KlXmxXm&2b£WL 40 

(«rtwtii5]«^ Lz*m#m?z«m ttitzz. z 

it. 

[0027] (Jt«$*2) ±£IISfe0«5fcfcV^ C6 

[0028] ($mmi) m4£jjkLKtm*i?th* 

m#mTZtmL1Z. 2cmX3cmtf)#7Xg8[ltf) 50 



~±SS 0T-5m mrx 3cm £ jgffi XrrtL Ogfcl^tfc: TAT 
S^»7A£ 2 0 O^/X b-DA«0Ji$KS^^L 
XW&2btLfz (4 0 0nmCO#fe3t<Oj8jS^; 2. 
18%). ££fc^±£0ttemfcl^8(;:LTC6O 
£ 1 0 0 0 Y a-J*<r)&mizn£m%L. C 6 
0(DM2mm&3t&j8.Lt:. owe. W)±to'. 5 
cmxl. 5cm<OT^S-'7A«S2a3<i?rS^S 
*U Ut. CWS^tC- 1 V*>£>+ 

1 VtOHft Sir 7 r ^7 x h V i?x. Attn L 
(X^yxt-K : 0. 002Hz) fcd*>. WfiL 

-Sffifttt»i06 J: a =5:^l6]^g£tt5:^ L 
fc. 3flS<0Bffit:ov^TII«tt«SifC*-5^. 

[0 0 29] (ifc*^3)53fc0«7fcll«fcL-C. 7* 
$^^mffi2b£^j£Lfc;#7X«l?>±Mfc. «- 
-fcX#^-x:i^£: 2 0 0 Otfy^X h P-A^Lfc 

(2 0^XbD-A/») . a— feX^ff-X^ 

>Ft6^^^rt*i>. O^T. 0. 5cmXl. 5cm«0 
T^S->7Amffi2 a £ 3fl^«tJ: O^tt^. 

U-?frt>miLfi: (0. 00 2Hz) . ,I<D^{±. 

[0030] (mmH8) mm7x®t>tit:¥mim 

7<DT/l'S-'>A*ffi2a. 2bfc0. lVi&minU^: 
^X«lfi|*^ x ®l(:»fi;40 0nm, % 
S ; 7 0 0 juW/c m^*fe3fe£Ha|t Ufc. 

5 3 5 nAam®£t)<®M2tLfz. Wttft<7)$Lm$Z{£ 

i: ^ . 8 0 0 n m<0#fe36i «»C 

tfc. 4 0 0 n m<50&^)#fe3t-C. 3tSIS5r^ 

fc. 3fflwmffifco^Tl^tt{±ft»T*-5/v:. 
[0 03 1] (HJSM9) 04^L^«l££^rr^ 
^i^^f^L^. 2cmX3cm^7XfflSl« 
±SS0. 5mmX3cm?:ML. vIiOS«l±Ha^ 
$:XM-.y^!;^-C^{t. G&««2b£JBj£U:. o 
^TC6 0<?)^y^-5i<^-h^Uv-#IScK3£Xt 

2 a -&^^C»fiE L/^. SUSM7 fc ©Kt- 1 

+ iv»zft»£ffi!niL^i:c:^. Scitt^iaa?^ 

[0032] (mimio) ±§s3mm£t5^x&& 
mmm*-$>mmmizKtx . mrn2bim 

[0033] (9mmi D±mmifcm7tzt5»x. c 

6 OOftb 0 fcC 7 0 ^ffll^J^HiHSK: lx. 
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1 1 



1 2 



[OO-3-4-]-(HJtei|l-2-)-||St0l9{Ct>^-C— 

T^5^A®fillBJ:0KSlmW/cm^ 4 50n 

[0035] (H*t0iii3) mm9£ti\*x. s&m 

r;l/5 -^ASfiiliJ: 1 mW/c mK 4 50n 

[0036] (mtmi4)mmsiza^x. ito 

IK 1 ±tcRft3Sa v Bffi 2 b £ x>* y y *T»J* Lfc 

[0037] (mimi5)mm7tmwzm?iB 

TC6 0£100 0*y^XhU-A<0&JSfcK£IS* 20 
LC6 0iO«S^«S3^»j£Lfc. 3\*m*. 0. 5 
cmxi. 5cmcr)T7l'5-^A«g2aS:2ffl. 

I2a (T/l^S-^A. &) . 2b<04 0 0nm*fe3l£ 
c^ja^li2%-C*-ofe. E^tr-l~+ 
lVcD«S£-«E*ttt£H£Lfci:£-?K «ffi2a#T 

ttSr^Lfc. mei2ai:2bOS(c:iVSrMn 
U T/P$-^Aftffi2bfc3£g5mW/cm2. 
40 0nm^f^£l?fltL*:i:«:^ T^-^A^ 30 
ffi2 a&Smi&«ffi2 at:Bai<^t«r^fltLfei: 

A^ffl^r. «g2aia*»i?>r^>'x.y^>^Lt, 

[0038] (mm) it&irtm-tt&tiimLxce 
mm-rt (mg.fem&£tm) 4 gfcra&rtstcv* 

it. y«y^X^~tta3S^fflV\ n-^df^; 20 0 40 
mlT24KJStt{iJLfe. OUT, m&tis+VV; 
200ml t^gt. MtC2 4^f§tt{iiSrtT-5^. %W> 

/l^-n-^^y) T^tfci:i6. C60:C70 

coitii9 : l-efco. c7OJH±0>7?-i'>'fcBi^ 

WM!rLTHfc*»->;fc. *v*V>1fta}iffli. C6 0 : 
C7 0<Oltii**>6 : 4T&»k C7 0J3Ut*>79-l/>' 

*t*88L. 0. 2 6g<07 7-W>ig£ft£*#fc. O 



m^X. Ktt£C60£0. 21g, BiHUtC 7 0S: 
0. 02g*tfc. ^v^UyftajjS^xyN'^P-^Tii 
8U ig£75-!^0. 13g£ttfc. linger? 
h^77T^JRUr. i«*€gC6 0 ; 0. 0 7g. Hitt 
SC70;0. 04 g. *<M&7y-Vvm<om£fa\ 
0. 01g£#fc. «£«Jtt. GC-MS#ffi*>£>C7 
6, C7 8, C84fcJ;tfgfc# : f*<9*£ 1^75-1'' 

[0039] 

TOs 75-l^y^ffii5J:t/ittt=«-r&2otLt.<om 

m^hzttfxzz. fit. mm*. saHtfrjBvxfc 

<DT. ( a ) HWm. ( b ) « ( a ) +^A- A«t 

[02] *m\<vmim?t @»^)HW^ sl^ t> 

<0T. ( a ) tt^FffiH. ( b ) « ( a ) >f)«A-A«l; 

[03] *l6HBcO^«^^t[lIK<^($ r ^u/:t 
<7>T\ ( a ) li^fflH. ( b ) 11 ( a ) #<0A- A&t 

[04 ] ^IHHtf^ttSH 1 i: @J8<7>-«*^Ufct> 
<?«\ (a)Ji¥iB0. (b) « (a) *<9A-A&K 
»oSrSB0t v ft&. 

[05] *HBB(O^«^ : f<OBa-BEE«Ftt^)0l& 

[06] *m<vmtm?<r)Wfc-w&mtmz 

2a, 2b-Sli, 3-yy-U>mm 
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